Progress from our present understanding of the mechanisms behind mitosis has been compromised by the fact that model systems that were ideal for molecular and genetic studies (such as yeasts, C. elegans or Drosophila) were not suitable for intracellular micromanipulation. Unfortunately, those systems that were appropriate for micromanipulation (like newt lung cells, PtK1 cells or insect spermatocytes) are not amenable for molecular studies. We believe that we can significantly broaden this scenario by developing high resolution live cell microscopy tools in a system where micromanipulation studies could be combined with modern gene-interference 
Introduction
During every cell cycle the genetic information must be replicated in order to be equally distributed in the form of chromosomes to the progeny cells at the time of mitosis. In the last two decades mitosis research has attracted unprecedented attention because of its fundamental relationship to the etiology of cancer.
Nevertheless, despite enormous recent progress, a solid view for how chromosomes are segregated during cell division remains elusive. It is, however, well established that the remarkable movements of chromosomes during division are mediated and monitored by the kinetochore, a minute structure that forms the interface between chromosomes and a microtubule-based apparatus known as the mitotic spindle (1) .
Over the last years laser microsurgery has been established as one of the most important tools to investigate how mitosis works. The mitotic apparatus is an appealing context for the use of such spatial domain techniques because it contains discrete structures that can be manipulated in order to address their respective roles in the production of pulling or pushing forces to move chromosomes during mitosis. Accordingly, laser microsurgery has been seminal to elucidate the mechanistic basis of the spindle-assembly checkpoint (2) , the role of the centrosome in spindle assembly (3) and the role of kinetochores in chromosome movement (4) (5) (6) . We believe that we can significantly broaden this scenario by combining powerful live cell imaging and state-of-the-art laser technology with molecular tools. Recent advances in the study of how genes function in living cells, when combined with increasingly sophisticated lasers and microscopes with higher spatial (nanometers) and temporal (milliseconds) resolutions, represents the next new challenge for cell surgeons and will provide a powerful approach to unravel the molecular mechanisms behind many concurrent processes that drive mitosis.
Here we propose the systematic use of Drosophila melanogaster somatic cells in culture to perform intracellular micromanipulation towards a functional dissection of mitosis. We envision that questions regarding acentrosomal spindle formation, the spindle checkpoint signalling mechanism, the role of kinetochore-microtubule dynamics for chromosome movement, as well as the fate of cells with a compromised mitosis could be addressed by the synergistic combination of laser microsurgery and RNAi tools. Indeed, this approach has already been successfully used in Drosophila S2 cells to investigate the role of kinetochores in spindle morphogenesis (7) , as well as to elucidate the molecular mechanism of spindle microtubule flux at kinetochores (8) .
As a first step towards the application of laser microsurgery to Drosophila it would be required the establishment of cell lines stably expressing different GreenFluorescent Protein (GFP) and/or red variant fluorescent-tagged components of the mitotic apparatus (e.g. microtubules, centrosomes, kinetochores and chromosomes) (9, 10). By combining Differential Interference Contrast (DIC) and epi-fluorescence microscopy one will be able to image at least 2 of those constituents simultaneously in living cells.
Drosophila provides several key advantages for cell division studies. First, the genome is fully sequenced and more than 60% of Drosophila proteins are conserved with humans (11) . More relevant, 75% of genes associated with human diseases have orthologues in Drosophila (12) . Second, Drosophila has only 4 pairs of chromosomes (in comparison with 23 pairs in the case of human cells), and individual kinetochore-microtubule fibers (K-fibers) can be easily observed at the light microscopy (LM) level. Third, Drosophila is one of the most powerful genetic systems known, with an accumulated knowledge extending more than 100 years of research and extensive collections of mutants for genes involved in mitosis are freely available. Fourth, protein redundancy at the cellular level is minimal in Drosophila, whereas humans for example, usually express several isoforms or closely related proteins. Fifth, specific gene silencing can be easily achieved by RNA interference (RNAi), by simply adding dsRNA to the culture medium (13) . This is particularly useful for high-throughput genome-wide screenings, which are now well established (14) (15) (16) . One major disadvantage though, has been related with the fact that most Drosophila cell lines are semi-adherent and thus cells are round, making highresolution microscopy difficult. To overcome this problem we have modified the agaroverlay technique recently described for Drosophila culture cells by Fleming and Rieder (2003) (17) so that we can control the degree of cell flattening. Unlike cells flattened by growing on a concanavalin A substrate (18) , which is particularly useful for routine microscopy studies, the agar overlay approach allows one to select cells 
Methods

Cell culture
Drosophila S2 cells grow at 25ºC in Schneider's complete medium.
Human HeLa cells grow at 37ºC with 5% CO 2 , in DMEM medium supplemented with 10% of heat-inactivated FBS. 
RNAi
Preparation of dsRNA 1. Design 18-mer sequence-specific oligonucleotides to make a PCR product of ~700 bp from the cDNA or genomic DNA of interest (see Note 12). Don't forget to incorporate the 5' T7 RNA polymerase binding site into your primers.
2. Prepare 10-12 individual PCR reactions on ice containing the following reagents:
• 0.5-1 ng of template cDNA from a plasmid or 0.5-1 μg of genomic DNA
• 1 μM of each primer
• 0.2 mM of dNTP mix
• Taq polymerase enzyme buffer
• Enzyme Buffer
• 2 mM MgCl 2 (if not included in the enzyme buffer)
• water to a final volume of 100 μl (take in consideration the volume of Taq polymerase that will be added afterwards)
3. Set up the following PCR program (this may have to be adjusted to your specific conditions):
• 94ºC -2 min
• add 2.5 U of Taq polymerase to the PCR reaction Abs 260 x dilution factor x 50 = DNA conc. in μg/ml 6. Use this DNA as template for at least 10 in vitro RNA synthesis reactions with the MEGAscript T7 Kit (Ambion) according to the manufacturer's instructions, except that the incubation time should be increased to at least 6 h (see Note 13).
Pool the reactions into a single tube and precipitate the RNA with LiCl and
RNAse free water according to the instructions included with the kit.
8. Carefully wash the pellet once with 70% ethanol and let it air-dry.
9. Re-suspend the pellet in 100 μl of nuclease-free water and check the RNA concentration as before but using the following algorithm:
Abs 260 x dilution factor x 40 = RNA conc. in μg/ml 10. Denature RNA secondary structures by heating at 65ºC for 30 min on a beaker containing 200 ml of previously warmed water and then let it cool down slowly to room temperature to make dsRNA duplexes.
11. Test 1 μl of the dsRNA by electrophoresis in 1% agarose gel. It should run like DNA as a clean band of ~700 bp. Sometimes a lower band is also visible. This corresponds to ssRNA that did not annealed into duplexes.
12. Store the dsRNA at -20°C.
Live cell imaging of depleted cells
1. Grow Drosophila S2 cells in T-flasks at 25ºC in Schneider's complete medium for 4 days.
2. Check how many time points (how many wells) will be needed for the experiment and whether an efficient depletion requires a 2 nd pulse of dsRNA.
3. Distribute 1 ml of serum free media containing 10 6 cells per each well 5. Add 30 μg of specific dsRNA to half of the wells, and an equivalent amount of control dsRNA to the other half. Mix well by swirling and leave the cells at 25ºC for 1 h to allow incorporation of the dsRNA.
6. Add 2 ml of complete Schneider's Drosophila medium to each well and put the cells back in the incubator at 25ºC.
7. At the specific time point use a cell scraper to collect an S2 cell suspension for microscopy analysis and also take a sample for western blot (typically 10 6 cells per time point) to monitor knockdown efficiency.
Flattening cells for live cell microscopy
S2 cells (concanavalin A) (see Note 14)
1. Place 22x22 mm coverslips previously coated with concanavalin A in the bottom of a 6-well plate. Put 300 μl of an S2 cell suspension on top of the coated coverslip and allow cells to adhere to the glass at 25ºC for 2 hours.
2. Mount modified Rose chambers and observe under the microscope.
S2 cells (agar overlay)
1. Prepare a 170 μm thick layer of agarose as following ( Figure 1A ): i) Place two rectangular coverslip fragments (obtained from a 25x25 mm coverslip) on opposite ends of a slide, to act as spacers. Put a drop of PBS or water to stick the spacers with the slide (prepare another spare slide that will be required on step 3, but using ¼ of a 25x25 mm coverslip as spacers and without sticking them to the slide).
ii) Using a heater, melt 0.1 g of low melting agarose in 5 ml of Schneider's SFM.
iii) After heating, supplement the mixture with 10 % FBS and pipette the liquid agarose into the space between the coverslip fragments.
iv) Place another slide on top of the agarose to form a sandwich and wait until solidifies. This can be kept at 4°C for a week in a humid chamber.
v) Carefully separate the two slides with a razor blade.
2. Cut a 1x1 cm piece from the agarose layer and gently place it on top of a drop of an S2 cell suspension that was previously placed on a 25x25 mm coverslip. 
Laser microsurgery
1. The set-up used for laser microsurgery is designed to ablate intra-cellular structures at the sub-micron level. The schematic representation of the components of the workstation is shown in detail in Figure 4 . We use an infinity-conjugated Nikon Eclipse TE2000-U microscope with a 'stage-up kit'
and an extra filter turret ( Figure 5 ) added in the plane-wave region of the microscope (between the objective and the tube lens), which allows the injection of external, collimated, light beams into the microscope's light path.
2. We use 532 nm nano-second pulses to perform microsurgery. This option is mainly driven by the fact that similar pulse parameters have been used successfully in the past (9, 10). It should be stressed however that, given the non-resonant character of the light-matter interaction processes relevant to microsurgery, other wavelengths, as well as other pulse-widths, may be used (19) .
3. A number of laser beam properties have to be modulated before steering into the microscope body, namely the beam diameter, energy, polarization and pointing direction. Our laser is much more energetic (about 1000-fold) than needed (1-2 μJ), so we used a first strong attenuating stage composed of a half-wave plate and a polarizing cube. We have set this attenuation to approximately its maximum value (but not quite, as the maximal extinction regime may normally introduces aberrant phase profiles) and this is used as a constant attenuator in our set-up. These two components are subjected to the highest irradiance in the set-up: it should be guaranteed that the damage threshold of the optics coatings is not exceeded. 9. The laser beam is steered into the microscope optical axis through a dichroic mirror with the convenient spectral features: reflective at the laser line and transmissive at the GFP spectral window. Our particular dichroic mirror also has the following positive and negative features: i) it is reflective at the 480 nm region, which allows the use of this spectral region for GFP point-bleaching laser injection; and ii) it is not highly transmissive in the emission spectral region of TexasRed and similar fluorescent markers (see Note 16). In summary, if only the microsurgery 532 nm laser is to be coupled to the microscope, we advise the use of a 'laser-line' dichroic mirror, i.e., one that reflects in the 532 region and is transmissive otherwise (see Figure 6 for examples of laser microsurgery).
10. Operationally, we use Nikon's NIS-Elements to control the whole system with the exception of the laser itself, which is controlled through a custom routine written in Labview where the laser pulse train properties are set, namely the number of pulses (typ, 1-5 pulses), the pulse train frequency (typ. 20Hz) and the pulse energy (typ. 1-2 μJ). The same principles discussed previously regarding coverslip thickness also apply in this case.
Notes
7. Phenol red is a common pH indicator used in cell culture media that may interfere with live cell microscopy fluorescent assays. Therefore, it is highly recommended the use of media without this dye that are usually available from most manufacturers. 12. In some cases, RNAi efficiency increased when this PCR product covered the codon of the first methionine but we and others have successfully knockdown genes using a PCR product exclusively covering the 5' untranslated region.
Importantly, it is highly recommended to perform BLAST searches with the corresponding target sequence to rule out the possibility of off-target effects.
13. Work in an RNAse free environment. The major source of RNAse is usually the operator, hence it is highly recommended the use of gloves.
14. Note that this type of coating is known to interfere with cytokinetic furrow ingression. 16. It should be noted that although the 532nm laser only ablates material within a well-defined region (once the pulse energy is properly tuned), the beam profile at the focal plane necessarily spreads out to distant regions and may be enough to bleach fluorescent markers that absorb (even if slightly) in the green region, like mRFP, mCherry and many spectrally similar markers (20) .
In those cases where dual-color imaging is needed, other laser wavelengths should be considered to perform the microsurgery. 
